Background: Adolescent substance use continues to be of great global public health concern in many countries with advanced economies. Previous research has shown that substance use among 15-16 year-old-youth has increased in many European countries in recent years. The aim of this study was to examine trends in prevalence of daily smoking, alcohol intoxication, and illicit substance use among Icelandic adolescents.
Background
Nationally representative surveys, conducted in several European countries as well as in the US and Australia, have become essential for monitoring drug use among adolescents [1] [2] [3] . Such surveys have increasingly been used as a basis for policy-making, including the assess-ment of risk factors for drug use and in the evaluation of programs designed to reduce drug use. Surveys monitoring drug use and related risk factors among youth have been conducted in Iceland since the early 1980s to provide information for policy-makers pertaining to youth. In the beginning, these surveys were conducted in cooperation with the municipalities that were, in practice, responsible for the formal organization of youth activities. In 1989, the surveys became nationally representative and better connected to the international scene in youth research. Major methodological changes were introduced in 1992 when these studies became population-based instead of being based on samples. This change offered the possibility to analyze youth issues on both a national and local level, strengthening the links between policy, research and practice.
The results from the Icelandic surveys indicate that substance use among adolescents in Iceland rose gradually, but steadily, during the 1990s. The prevalence of 15-and 16-year-old students in the 10 th grade of school who reported, for example, that they had smoked cigarettes on a daily basis increased from 15% to 23% from 1992 to 1998, and the prevalence of those admitting to having ever used hashish in their lifetimes rose from 7% to 17% [1] . This trend paralleled the increase in substance use among 15-to 16-year-old adolescents during the 1990s and the first years of the 21st century that has been documented in many European countries and in North America [2, 3] .
The increase in substance use in Iceland was well documented in the national survey results. The findings, widely discussed in the Icelandic media, were alarming to the public. Apart from concern about the long-term consequences of smoking and other substance use on longterm health status, the short-term consequences of substance use, such as consumption of alcohol on automobile injuries and fatalities, and the use of amphetamines as an illegal substance, were of equal urgency. The public discussion led to a growing concern about the general well-being of youth in Iceland and a political consensus that municipalities, schools, and the national government needed to take action to do more to prevent substance use.
In response, a governmental program was developed in 1998 to stem the trend. It was initiated under the label "Drug-Free Iceland". This initiative consisted of a five-year program, led by the City of Reykjavik and the Ministry of Justice in the central Icelandic Government. The program's main goal was to commit significant national resources in support of a coordinated effort to achieve a Drug-Free Iceland. This program operated in collaboration with the National Counsel for Alcohol and Drug Prevention, which is an entity that was established by the Icelandic Government and was supervised by the Ministry of Health. Thus, the two governmental bodies worked closely together to form a coordinated prevention effort whose implementation has been unfolding between 1998 and the present.
The results from the Icelandic national surveys were used to develop an effective prevention approach with a broadscale and systematic assessment of the risk and the protective factors that predicted adolescent substance use in Iceland. The key components of this prevention approach included:
• Educating parents about the importance of emotional support, reasonable monitoring, and increasing the time they spend with their adolescent children.
• Encouraging youth to participate in organized recreational and extracurricular activities and sports.
• Working with local schools in order to strengthen the supportive network between relevant agencies in the local community.
The research underlined the importance of the adolescentparent relationship, the powerful influence of the peer group, and a commitment to facilitate the participation of adolescents in guided recreational and extracurricular activities, such as sports and organized youth work. The research helped to conceptualize the prevention effort as one that sought both to reduce the potentially-modifiable risk factors for substance use while at the same time strengthening community-level protective factors. Thus, the approach focused not only on reducing risk factors, but also on mobilizing society to foster responsible guardianship, community attachment, and informal social control, all on the local community level. This effort has come to be known as the Icelandic Model of Adolescent Substance Use Prevention. It is important to demonstrate that this approach is not merely a "program" in the conventional sense with a given time frame, but rather a long-term effort to alter society on behalf of young people in Iceland in order to decrease the likelihood of adolescent substance abuse (a paper describing the Icelandic Model in more detail is currently in submission).
The theoretical principles underlying this approach have been well-documented in numerous studies [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The cumulative research experience has provided a framework for a host of programs that may vary somewhat between local communities and municipalities, but underline the complex relationship that exists between theory, practice, and policy-making in the prevention of substance use. This work has shown that adolescents who are strongly attached to their parents and family and take part in organized youth work, such as recreational activities or sports, are significantly less likely to be involved in harmful and destructive behaviors within their peer networks. This has important implications for both intervention and policy that have been both documented in the substanceuse literature in Iceland and operationalized in national substance-use prevention policy [1, 15] . This paper reports the results of a study whose aim was to analyze trends in prevalence of substance use among annual groups of Icelandic 10 th grade students, from 1995 to 2006, using population-based data.
Methods

Setting
Iceland stands at a crossroad between North America and Europe and the other Nordic countries. Reykjavik, its largest city, is located in the south western part of the island, with 150,000 of the estimated 300,000 inhabitants of Iceland residing there and in its surrounding metropolitan area. Approximately 94% of Icelanders are of Norwegian and Irish-Celtic decent and 87% of the population belongs to the Lutheran State Church [16] . Although the population can be characterized as homogeneous, Iceland's popular culture is heterogeneous and is both influential in and influenced by western European and NorthAmerican social trends. Moreover, Iceland is beginning to experience some of the effects of global migration and a growing immigrant population that comes from many regions of the world.
The Youth in Iceland Survey Data
This study utilized population-level data from Youth in Iceland, a national annual survey of Icelandic adolescents. This series of cross-sectional social surveys is designed to capture data on the lifestyles and the social well-being of young people in Iceland. In addition, these surveys have been utilized to monitor the impact of efforts to prevent substance use nationwide. The data collection is guided by a strict methodological protocol developed by the Icelandic Centre for Social Research and Analysis (ICSRA) at the Reykjavik University School of Health and Education. All aspects of data collection are approved by an Icelandic central human subjects review committee, use passive parental informed consent, and are supervised by the ICSRA.
Annually, since 1997, in March of each year, the Youth in Iceland surveys are conducted among 9 th and 10 th graders in all secondary schools in Iceland. In an island setting and with only 300,000 inhabitants, it is relatively easy to access the entire population of school children. The data collection is carried out in cooperation with the Icelandic Ministry of Education, Science, and Culture, the municipalities around the country, and an overwhelming majority of the schools. This has resulted in a set of data from the Youth in Iceland surveys that includes between 80% and 90% of all individuals in the age-groups studied in each year. A typical age-group includes between 4,000 and 4,500 individuals and the surveys capture data from between 3,100 and 3,900 respondents each year. Table 1 shows the number of respondents and the proportion of population they represent for each year of the Youth in Iceland surveys.
One of the specific aims of the Youth in Iceland surveys is to document the current status and rates of adolescent substance use in the same age-group (not birth-cohort) annually. The study questionnaires include the identical set of questions about substance use every year. Moreover, every three years the data collection is more comprehensive; the questionnaires then include items about social circumstances and well documented risk and protective factors associated with substance use. This is done in order to evaluate whether and how emerging trends in the adolescent social environment are influencing adolescent substance use. The main categories of variables, along with background factors and rates of substance use, include: relationship with parents and family, relationship with friends and peer group influences, emotional well-being and physical shape, participation in sports and organized youth work, school attachment, and deviant behavior.
Procedure
All aspects of this data collection were supervised by ICSRA. Teachers at individual school sites supervise the participation of the students in the study and administer the survey questionnaire guided by strict methodological instructions from the ICSRA. All students who attend school on the day that the questionnaires are scheduled to be administered complete the questionnaires inside their classrooms. Students are instructed not to write their names or social security numbers, or any other identifying information, anywhere on the questionnaires. They are instructed to complete the entire questionnaires, but to ask for help if they have any problems or any questions for clarification. Once students complete the questionnaires, they are asked to place their completed questionnaire in the envelope provided and seal it before returning the questionnaire to the supervising teacher. A prior study on our data collection methodology revealed no specific teacher effect on the responses [17] .
Measurements
We examined daily smoking, having become intoxicated during the last 30 days, having ever used hashish, and having ever used amphetamines. Daily smoking was assessed with the question, "How much on average have you smoked during the last 30 days?" (1 = "Nothing", 2 = "Less than one cigarette per week", 3 = "Less than one cigarette per day", 4 = "1-5 cigarettes per day", 5 = "6-10 cigarettes per day", 6 = "11-20 cigarettes per day", and 7 = "More than 20 cigarettes per day"). In analyzing the trends in smoking we carry out two separate analyses; first using the continuous variable described above, and second, with a collapsed measure in a dichotomized variable (0 = "Nothing or less than daily" and 1 = "Daily").
Alcohol intoxication during the last 30 days was assessed with the question, "How often have you become intoxicated during last 30 days?" (1 = "Never", 2 = "1-2 times", 3 = "3-5 times", 4 = "6-9 times", 5 = "10-19 times", 6 = "20-39 times" and 7 = 40 times or more"). In analyzing the trends in intoxication we carry out two separate analyses; first using the continuous variable described above, and second, with a collapsed measure in a dichotomized variable (0 = "No" and 1 = "Yes, once or more often").
Use of illicit substances included use of hashish (cannabis) and amphetamines. Use of hashish was assessed with the question, "How often, if ever, have you used hashish in your lifetime?". To assess how often, if ever, the respondents had used amphetamines in their lives, we asked the question, "How often, if ever, have you used amphetamines in your lifetime?". Answer categories are the same as with alcohol consumption. For both questions we carry out two separate analyses; first using the continuous variables described above, and second, with a collapsed measure in a dichotomized variable (0 = "Never" and 1 = "Yes, at some point").
Statistical Analyses
In evaluating the prevalence of daily smoking, intoxication during last 30 days, and lifetime use of hashish and amphetamines among 10 th graders from 1995 to 2006, we conducted two separate analyses. First, we conducted a linear trend analysis using Analysis of Variance (ANOVA) [18] . Since the time trends in substance use might be considered quadratic, or curve-linear, in shape rather than straight-linear, we also performed a quadratic trend analysis with ANOVA. Both are reported in the results. For both the linear and the quadratic trend analyses we have transformed the responses in the dependent variables with natural logarithm because of the normality distribution assumptions in using ANOVA [19] . As a result, the span in the responses of the substance use variables decreases from 1-7 to 0-1.95. Second, because the response distribution in the substance-use variables might still be considered positively biased, even after the natural logarithm transformation of the responses (because most people claim they have never used these substances), we have also calculated the odds ratios and associated 95% confidence intervals (CI) for the collapsed measures of the substance-use variables shown above, using year as the predictor variable while controlling for gender differences. This yielded a measure of the odds of the average annual change in the likelihood of substance use for each variable. 
Results
Daily smoking during last 30 days
Gender difference in daily smoking
As shown, the prevalence in daily smoking is on average greater among girls than boys. In 1995 only marginal differences were found between the sexes with 21.0% of boys admitting to daily smoking but 20.5% of girls smoking daily. For any other given year, with the exception of 2003, greater prevalence was discovered for girls with a peaking difference in 2001 when about 11% of boys admitted to daily smoking and close to 19% of girls. This large difference has decreased since then with 11.0% of boys admitting to daily smoking in 2006 and 12.8% of girls. The total decrease in prevalence is about 48% for Figure 3 shows the prevalence of hashish use ever in 
Hashish use in life time
Gender difference in hashish use in life time
As shown, the prevalence for hashish use is on average greater among boys than girls. In 1995 about 12% of boys admitted to ever using hashish and 7.6% of girls reported hashish use ever in life time. For any given year greater prevalence was discovered for boys with a peaking difference in 1998 when about 22% of boys admitted to ever using hashish and about 13% of girls. This large difference has decreased a lot since then and was only marginal in 2006 with 9.6% of boys admitting to ever using hashish and 8.1% of girls. The total decrease in prevalence from 1995 to 2006 is about 19% for boys (for trend analyses; 
Gender difference in amphetamine use in life time
As shown, the prevalence in amphetamine use is on average greater among boys than girls. In 1995 just over 3% of boys admitted to ever using amphetamines and 
Discussion
This study found that substance use among Icelandic adolescents declined substantially over the 11-year period from 1995 to 2006. The observed declines are not likely to be due to secular change, but rather a response to the concerted substance-use prevention efforts that have been implemented in local communities during the course of the last decade in Iceland. In line with this notion two things are worth mention: First, the annual surveys revealed that in communities where local preventive work and collaborations with researchers had been the most active there was a substantially more reduction in adolescent substance use then in other areas. Second, within the areas were the downward trend in substance use was observed a clear pattern regarding the protective factors also repeatedly emerged. Thus, when identified protective factors such as time spent with parents, parental support and monitoring, and participation in organized sports and extracurricular activities increased continuously, substance use was decreasing.
Moreover, the Icelandic approach has highlighted the importance of addressing societal factors at multiple levels. It is worth noting that these changes in trends are both substantial and consistent. For example, from 1995 to 2006 the prevalence of daily smoking decreased about 43% and the prevalence of hashish use decreased about 49% from 1998 to 2006. Even more noteworthy is the reduction in intoxication during the last 30 days that decreased about 46% in the same time period. This is particularly interesting as the prevalence of alcohol use among this age group had not fluctuated but remained stable in Iceland for a long time [1] . The international ESPAD studies had revealed that Icelandic youths were more likely to become intoxicated once they consumed alcohol then many of their European peers [2] . A central focus in Iceland has therefore been to reduce alcohol intoxication among youth rather than just any alcohol use.
The decrease in prevalence of all the different substances has followed a similar path. This may indicate that the prevention efforts had a common core that influenced the use of all the substances simultaneously. It is also possible that alcohol may play a key role in substance use and smoking among adolescents and that the reduction in intoxication resulted directly in a reduction in the use of other substances. Nevertheless, although the Icelandic data documented the risk factors for substance use very well, it does not help us to explain why these fluctuations occur over time. It is clear that the trends in prevalence of substance use among young people have followed a path in Iceland different from many other European countries [2, 3, [20] [21] [22] . On the other hand, a similar trend has been documented in some of the Scandinavian countries, for example in Sweden and Norway, where substance use has decreased in recent years [2] . One exception to this is the prevalence of intoxication where Iceland shows a more consistent decrease than other European countries [2] . To gain a better understanding of these changes would require a systematic cross cultural comparison.
Overall, the downward trend in substance use follows a similar path for boys and girls. Interestingly, the prevalence of intoxication is consistently higher among girls than boys over the 11-year time period and they are slightly more likely to smoke daily. On the other hand, boys are slightly more likely to have used illegal substances throughout the time period but this gender difference has decreased substantially from 1998 to 2006.
While it is tempting to conclude that the comprehensive prevention effort launched in 1997 explains the reduction in substance use in Iceland it is, due to methodological limitations, impossible to claim with certainty that there is a statistical causal association between the decrease in substance use and the coordinated efforts to reduce the risk factors for adolescent substance use. However, the bulk of evidence from previous evaluations of the effects of the kind of substance-use prevention approach implemented in Iceland over the past decade suggests that focusing on the adolescent social environment have proven the most effective [3] . And furthermore, local trends in protective factors repeatedly indicate that this is the case. However, it complicates the picture that during the time period from 1997 to 2006 many preventive efforts were launched in various local communities and municipalities around Iceland. To monitor each and every one of them would not be feasible. It is, however, clear that an important shift occurred in Iceland in 1997 when changing the focus from the isolated individual to a more contextual understanding of the adolescent social world. Another important change was the emphasis placed on an evidence-based approach that linked research, policy, and practice. Today, ICSRA at Reykjavik University works closely with-, and has a long-term commitment to most municipalities around the country of Iceland while cooperating with the Ministry of Education. Nearly all the municipalities have developed a strategic plan which monitors adolescent substance use and risk behaviors, based on local data, collected annually by ICSRA in collaborations with the ministry of education and the local secondary schools. This has enabled the municipalities, its policy makers, and practitioners, to follow directly both The framing of the Icelandic substance-use prevention policy has drawn heavily from sociology and criminology, and combined elements from theories of learning, social capital, and social control. Also underlying this approach to substance-use prevention is a combination of ideas and findings from juvenile delinquency research and theories of social disorganization and anomie.
Some limitations to the study findings are worth noting. First, in reporting odds ratios for cigarette smoking we reveal data only for daily smoking, not any smoking, which has been a more widely reported indicator of tobacco use in the addiction literature [23] , and second, the collection of data at a single point in time (March of each year) precludes capturing any seasonal variations that might exist in adolescent substance use in Iceland. Third, the nature of the Icelandic prevention approach prevents us from directly assessing if there is a causal link between the work being carried out by researchers, policy makers, and practitioners, both on local and national level in Iceland, and substance use.
From a policy perspective, the Icelandic experience has highlighted the importance of increasing opportunities for youth to participate in organized recreational work, such as sports and organized leisure activities. This participation fosters the opportunity to alter the atmosphere and culture within the adolescent peer group, which is the most important social force in the lives of adolescents that influences the likelihood of substance use [1, 4, 24] . Also, emphasizing parental support, monitoring, and time spent with their adolescent children has important implications for deterring substance use among adolescents [1, 14, 23] . Substance use prevention should, thus, aim at communicating these messages to parents through parental groups and schools and supporting parents through employment, flex-time, and other arrangements. Finally, the effect of cooperation between all relevant agents at the neighborhood level is of great importance. Encouraging and supporting parents, schools, local authorities, leisuretime workers, and others to work together on the local community level to promote adolescent health and wellbeing remains one of the greatest resources for boosting community social capital, which in turn appears to contribute significantly to the prevention of adolescent substance use [24, 25] . Future studies that would compare the Icelandic experience with that of other countries in Europe and North America might therefore be of benefit in the battle against adolescent substance use.
Conclusion
The prevalence of substance use among Icelandic 10 th graders declined substantially from 1995 to 2006. Proportions of adolescents who smoke cigarettes, had become intoxicated during the last 30 days, as well as those admitting to hashish use all decreased to a great deal during the period under study.
The Icelandic approach to adolescent substance use is not a single "project" in the conventional sense, with a given time frame and evaluation process from a certain beginning to a certain end; rather, it is a long-term strategy. Moreover, the Icelandic experience suggests that it is possible to address both the risk and protective factors for adolescent substance use without specifying a complex causal relationship between identified key factors and substance use. The findings of the current study also call for a closer look at the risk and protective factors for mental health problems among adolescents and their development over time. Icelandic studies, relying on annual surveys among 14 to 16 year old adolescents, have found that a number of protective factors within the family have evolved in a positive direction in the last few years. Both parental monitoring and adolescent's time spent with their parents has increased as well as the closeness of the parental network, known for being a protective factor against substance use. Future work would benefit from further research into the trends in risk and protective factors associated with substance use. 
